In the title compounds, 9-bromo-2,5-dimethyl-11,12-dihydro-5H-5,11-methanobenzo [g] [1, 2, 4] triazolo [1,5-c] (5) in compounds I and II, respectively. In II, the pyridine ring is almost coplanar with the triazole ring, having a dihedral angle of 4.19 (8) . In the crystal of I, pairs of N-HÁ Á ÁN hydrogen bonds link the molecules to form inversion dimers with an R 2 2 (8) ring motif. The dimers are linked by C-HÁ Á Á and C-BrÁ Á Á interactions forming layers parallel to the bc plane. In the crystal of II, molecules are linked by N-HÁ Á ÁN and C-HÁ Á ÁO hydrogen bonds forming chains propagating along the b-axis direction. The intermolecular interactions were investigated using Hirshfeld surface analysis and two-dimensional fingerprint plots, and the molecular electrostatic potential surface was also analysed. The Hirshfeld surface analysis of I suggests that the most significant contributions to the crystal packing are HÁ Á ÁH (42.4%) and OÁ Á ÁH/HÁ Á ÁO (17.9%) contacts. For compound II, the HÁ Á ÁH (48.5%), CÁ Á ÁH/ HÁ Á ÁC (19.6%) and NÁ Á ÁH/HÁ Á ÁN (16.9%) interactions are the most important contributions.
Chemical context
In organic synthesis, a useful method to develop a chemical complexity from simple starting building blocks is the application of multicomponent reactions (MCRs) (Dö mling et al., 2012; Van der Heijden et al., 2013) . When aminoazoles having at least two non-equivalent reaction centres are used as building blocks , the method is generally characterized by ambiguous selectivity and different reaction outcomes (Murlykina et al., 2018) . According to Sedash et al., Biginellilike MCRs of 3-amino-1,2,4-triazole with aldehydes and -carbonyl CH-acids may generate several types of heterocyclic products (Sedash et al., 2012) . The same starting compound with acetone and a 2-hydroxybenzaldehyde derivative under acidic conditions leads to the formation of different products (Gorobets et al., 2010; Kondratiuk et al., 2016; Gü mü ş et al., 2017; Komykhov et al., 2017) .
Continuing our studies on the synthesis and crystal structure analyses of derivatives of a new type of oxygen-bridged Biginelli compound (Aydemir et al., 2018; Gü mü ş et al., 2017 Gü mü ş et al., , 2018a , two new novel Biginelli-like assemblies of 3-amino-5-methyl-1,2,4-triazole/5-amino-3-(pyridin-4-yl)-1,2,4-triazole ISSN 2056-9890 with acetone and 5-bromosalicylaldehyde/o-vanillin have been developed to offer easy access to the title compounds, I and II, examples of this new class of heterocycles.
Structural commentary
The molecular structures of compounds I and II are illustrated in Figs. 1 and 2, respectively. The conformations of the two compounds are very similar, as shown by the structural overlap of the two compounds [r.m.s. deviation = 0.005 Å (Mercury; Macrae et al., 2008) ], illustrated in Fig. 3 . In I, the triazole ring (N2-N4/C11/C12) is inclined to the benzene ring (C1-C6) by 85.12 (12) , compared to 76.96 (8) in II. In the central 6-oxa-2,4 2 -diazabicyclo[3.3.1]nonane moiety, ring (N1/N4/C7-C9/C11) has a half-chair conformation in both compounds, while ring O1/C5-C9 has an envelope conformation, with atom C8 as the flap, in both compounds. The mean planes of these two rings are almost normal to each other, with a dihedral angle of 86.94 (11) in I and 88.69 (8) in II. In compound II, the pyridine ring (N5/C13-C17) is almost coplanar with the triazole ring, having a dihedral angle of 4.19 (8) . The bond lengths and angles in the title compounds are very close to those observed for similar compounds, for example, the pyridin-3-yl analogue of compound II (Gü mü ş et al., 2018); see also section Database survey.
Supramolecular features
In the crystal of I, molecules are linked by a pair of N-HÁ Á ÁN hydrogen bonds, forming inversion dimers with an R 2 2 (8) ring motif (Table 1 and Table 1 Hydrogen-bond geometry (Å , ) for (I).
Cg1 and Cg4 are the centroids of rings N2-N4/C11/C12 and C1-C6. Symmetry codes: (i) Àx þ 1; Ày þ 1; Àz þ 1; (ii) Àx þ 1; Ày þ 1; Àz þ 2; (iii) x; y À 1; z. Table 2 Hydrogen-bond geometry (Å , ) for (II). 
Figure 1
The molecular structure of compound I, with the atom labelling. Displacement ellipsoids are drawn at the 50% probability level.
Figure 2
The molecular structure of compound II, with the atom labelling. Displacement ellipsoids are drawn at the 50% probability level. and C-BrÁ Á Á interactions forming layers parallel to the bc plane (Table 1 and Fig. 4 ).
In the crystal of II, molecules are connected via intermolecular N-HÁ Á ÁN and C-HÁ Á ÁO hydrogen bonds, forming chains propagating along the b-axis direction (Table 2 and 
Database survey
A search of the Cambridge Structural Database (CSD, Version 5.40, update of November 2018; Groom et al., 2016) for the triazolo-benzoxadiazocine skeleton yielded 4 hits, namely 7-ethoxy-5-methyl-11,12-dihydro-5,11-methano Aydemir et al., 2018), 7-methoxy-5-methyl-2-phenyl-11,12-dihydro-5H-5,11-methano[1,2,4] The conformations of all four compounds resemble those of compounds I and II, with the dihedral angle between the triazole and benzene rings varying from ca 71.20 to 87.37 , compared to 85.12 (12) and 76.96 (8) in compounds I and II, respectively.
The geometrical parameters of the four compounds are very similar to each other and to those of compounds I and II. The C9-O1 and C5-O1 bond lengths are 1.456 (3) and 1.375 (3) Å , respectively, in I and 1.441 (2) (Table 1) . C-HÁ Á Á and CBrÁ Á Á interactions are shown as blue arrows (Table 1 ).
Figure 6
d norm mapped on Hirshfeld surfaces for visualizing the intermolecular interactions of (a) compound I and (b) compound II.
1.390 Å in RETCAX, 1.343/1.436 and 1.381/1.381 Å in SILBEX, and 1.429/1.444 and 1.377/1.380 Å in WEXYUW. In addition, the N3-N4 bond length is 1.388 (3) Å in I and 1.381 (2) Å in II, compared to ca 1.385, 1.389, 1.376/1.382 and 1.379/1.381 Å in HUVCEH, RETCAX, SILBEX and WEXYUW, respectively.
Hirshfeld surface analysis
The Hirshfeld surface analysis (Spackman & Jayatilaka, 2009 ) and the associated two-dimensional (2D) fingerprint plots (McKinnon et al., 2007) were performed with CrystalExplorer17 (Turner et al., 2017). The Hirshfeld surfaces were generated using a standard (high) surface resolution with the three-dimensional (3D) d norm surfaces mapped over a fixed colour scale of À0.378 (red) to 1.282 Å (blue) for compound I and from À0.259 (red) to 1.216 Å (blue) for compound II. The red spots on the surface indicate the intermolecular contacts involved in the hydrogen bonds. In Fig. 6 (a), the identified red spot is attributed to the HÁ Á ÁN close contacts. Also in Fig the neighbouring molecules for compound I. Similarly, the red spots on the surface correspond to C-HÁ Á ÁO and N-HÁ Á ÁN hydrogen bonds in compound II (Fig. 6b) . Fig. 7 (a) shows the 2D fingerprint plot of the sum of the contacts contributing to the Hirshfeld surface of compound I represented in normal mode. 2D fingerprint plots provide information about the major and minor percentage contribution of the interatomic contacts in compound I. The blue colour refers to the frequency of occurrence of the (d i , d e ) pair and the grey colour is the outline of the full fingerprint (Zaini et al., 2019) . The fingerprint plots (Fig. 7b) show that the HÁ Á ÁH contacts clearly make the most significant contribution to the Hirshfeld surface (42.4%). In addition, CÁ Á ÁH/HÁ Á ÁC, NÁ Á ÁH/HÁ Á ÁN and BrÁ Á ÁH/HÁ Á ÁBr contacts contribute 17.9, 14.6 and 14.1%, respectively, to the Hirshfeld surface. Much weaker OÁ Á ÁH/HÁ Á ÁO (5.0%), BrÁ Á ÁN/NÁ Á ÁBr (2.7%), BrÁ Á ÁC/ CÁ Á ÁBr (1.8%) and BrÁ Á ÁBr (1.0%) contacts also occur. In particular, the OÁ Á ÁH/HÁ Á ÁO contacts indicate the presence of intermolecular C-HÁ Á ÁO interactions.
Similarly, for compound II, the HÁ Á ÁH interactions appear in the middle of the scattered points in the 2D fingerprint plots with a contribution to the overall Hirshfeld surface of 48.5% (Fig. 8b) . The contribution from the NÁ Á ÁH/HÁ Á ÁN contacts, corresponding to the N-HÁ Á ÁN interactions, is represented by a pair of sharp spikes characteristic of a strong hydrogen-bond interaction (16.9%) (Fig. 8d) . The whole fingerprint region and all other interactions are displayed in Fig. 8 .
Views of the molecular electrostatic potential, in the range À0.0500 to 0.0500 a.u. using the STO-3G basis set at the Hartree-Fock level of theory, for compounds I and II are shown in Figs. 9(a) and 9(b), respectively. In Fig. 9(a) , the N-HÁ Á ÁN hydrogen-bond donors and acceptors are shown as blue and red areas around the atoms related with positive (hydrogen-bond donors) and negative (hydrogen-bond acceptors) electrostatic potentials, respectively. Also, in Figs. 9(a) and 9(b), the N-HÁ Á ÁN and C-HÁ Á ÁO contacts in compounds I and II are given in the molecular electrostatic potential mapped surface showing the interaction between neighbouring molecules.
Synthesis and crystallization
The synthesis of the title compounds ( , acetone (0.22 ml, 3.0 mmol), and absolute EtOH (2.0 ml) were mixed in a microwave process vial, then a 4 N solution of HCl in dioxane (0.07 ml, 0.3 mmol) was added. The mixtures were irradiated at 423 K for 30 min. The reaction mixtures were cooled by an air flow and stirred for 24 h at room temperature for complete precipitation of the products. The precipitates were filtered off, washed with EtOH (1.0 ml) and Et 2 O (3 Â 1.0 ml), and then dried. The compounds were obtained in the form of white solids. They were recrystallized from ethanol yielding colourless prismatic crystals for both compounds I and II.
496 Gumus et al. The view of the three-dimensional Hirshfeld surface of (a) compound I and (b) compound II, plotted over the electrostatic potential surface.
Figure 10
The synthesis of (a) compound I and (b) compound II.
Refinement
Crystal data, data collection and structure refinement details are summarized in Table 3 . For compound I, the nitrogenbound H atom was located in a difference Fourier map and refined subject to a restraint of N-H = 0.86 (2) Å , while for compound II, the nitrogen-bound H atom was also located in a difference Fourier map and was freely refined. For both compounds, the C-bound H atoms were positioned geometrically and refined using a riding model, with C-H = 0.93-0.97 Å and U iso (H) = 1.5U eq (C) for methyl H atoms and 1.2U eq (C) otherwise. program(s) used to refine structure: SHELXL2018 (Sheldrick, 2015b); molecular graphics: Mercury (Macrae et al., 2008) and PLATON (Spek, 2009); software used to prepare material for publication: WinGX (Farrugia, 2012) , SHELXL2018 (Sheldrick, 2015b) , PLATON (Spek, 2009) and publCIF (Westrip, 2010).
9-Bromo-2,5-dimethyl-11,12-dihydro-5H-5,11-methanobenzo[g][1,2,4]triazolo[1,5-c][1,3,5]oxadiazocine (I)
Crystal data Special details Geometry. All esds (except the esd in the dihedral angle between two l.s. planes) are estimated using the full covariance matrix. The cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles; correlations between esds in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of cell esds is used for estimating esds involving l.s. planes. 
Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (
66.4 (2) C11-N2-C12-C13 177.9 (2) C6-C7-C8-C9 −54.0 (2)
Hydrogen-bond geometry (Å, º) Cg1 and Cg4 are the centroids of rings N2-N4/C11/C12 and C1-C6. 
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Geometry. All esds (except the esd in the dihedral angle between two l.s. planes) are estimated using the full covariance matrix. The cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles; correlations between esds in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of cell esds is used for estimating esds involving l.s. planes. 
